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not exceeding 4.0 produced no defective charging, exhibited high charging and discharging efficiencies, and excelled 
in charging and discharging characteristics, whereas the batteries, A3, A4, and A5, having Li-Si ratios exceeding 4.0 
produced defective charging due to an internal short-circuit resulting from the occurrence of dendrite and suffered low 
charging and discharging efficiencies. 
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(Table 1) 



Battery 


Li/Si 


Discharging capacity 
(mAh) 


Ratio of occurrence of 
defective charging 


A1 


3.6 


22.3 


0 


A2 


4.0 


25.5 


0 


A3 


4.26 


26.0 


Very slight 


A4 


4.5 


25.3 


Small 


A5 


5.2 


23.2 


Medium 



(Example 3) 
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This example concerns a case of using manganese dioxide Mn0 2 as a positive electrode active material. A battery 
was manufactured by following the procedure of Example 2 while using a positive electrode, a negative electrode, and 
a liquid electrolyte manufactured as described below in the place of the positive electrode 15, the negative electrode 
13, and the liquid electrolyte of Example 2 and giving the electrode an outside diameter of 6.8 mm and a thickness of 
25 2.1 mm. 

The positive electrode was manufactured as follows. The y • p-Mn0 2 which was obtained by heat-treating elctro- 
lyte manganese dioxide MnO z in the open air at 400°C for six hours was used as an active material. A positive electrode 
agent was formed by mixing this active material with graphite as a conducting agent, a cross-linked acrylic acid resin 
as a binding agent, and a fluorine resin at a gravimetric ratio of 80 : 15: 5. Then, this positive electrode agent was press 
so molded under 2 tons/cm 2 to produce a pellet, 4.05 mm in diameter and 0.69 - 0.87 mm in thickness. This pellet was 
dried under a decreased pressure at 150°C for 10 hours to obtain a positive electrode. 

The same agent as used in Example 2 was press molded under 2 tons/cm 2 to produce pellets, 4.05 mm in diameter 
and 0.24 - 0.40 mm in thickness. The pellets were used each as the negative electrode. A disc, 14 mm in diameter, 
punched out of a lithium film of a prescribed thickness was attached by contact superposition to the pellet to produce a 
35 lithium-negative electrode pellet laminate electrode. 

The electrolyte to be used was what was obtained by solving UPF6 at a ratio of 1 mol/liter in a mixed solvent con- 
sisting of ethylene carbonate and ethyl methyl carbonate at a volumetric ratio of 1 : 1 

In this example as in Example 2, two batteries B1 and B1 having molar ratios U/Si respectively of 4.0 and 6.0 were 
manufactured, wherein U stands for the amount of lithium superposed on the negative electrode and Si for the amount 
40 of silicon in the negative electrode active material. Further, the negative electrode agent, the amount of superposed lith- 
ium, and the positive electrode agent were adjusted so as to set the molar ratio Li/Mn at about 1 (0.91 - 0.99), wherein 
U stands for the maximum amount of lithium released from the negative electrode and contained in the positive elec- 
trode in consequence of discharging. 

The batteries thus manufactured were subjected to charging and discharging cycles performed under the condi- 
45 tions, 0.1 mA in constant current, 3.3 V in terminal charging voltage, and 2.0 V in terminal discharging voltage. The 
charging and discharging characteristics found herein are shown in Fig. 9 and Fig. 10. 

It is clearly noted from Fig. 9 and Fig. 10 that the battery B1 of this invention having a U/Si ratio not exceeding 4.0 
produced no internal short-circuit, incurred only a small decrease in the capacity for discharging, and excelled in the 
charging and discharging characteristics. 

50 

(Example 4) 

This example concerns a case of using as a positive electrode agent a transition metal oxide preparatorily contain- 
ing lithium. A battery was manufactured by following the procedure of Example 2 while using a positive electrode, a neg- 
55 ative electrode, and a liquid electrolyte manufactured as described below in the place of the negative electrode 1 3, the 
positive electrode 1 5, and the liquid electrolyte of Example 2. 

The negative electrode was manufactured as follows. The same agent as used in Example 2 was press molded 
under 2 tons/cm 2 to produce negative electrode pellets, 15 mm in diameter and 0.1 1 - 0.20 mm in thickness. The neg- 
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aft* electrode pellet was attached to a negative electrode case with the aid of a negative electrode collector formed of 
alSX co^tsupen^ron to the negate pel.et to produce a lithium-negative electrode pellet .am,nate elec- 

5 ^ The positive electrode was manufactured as follows. In a mortar, lithium hydro** , UOH • H 2 0 cobalt carbonate 
r^co, and boron oxide B,O a weighed out in amounts calculated to set a molar ratio of Li . Co . B at 1 . 0.9 . 0.1 were 
SC^e res^ mixture was fired in the open air at 850'C for 1 2 hours coded, pulverize. ho a , part.de 
diamS of not more than 44 ^m. and subjected to dressing. By repeating the cyde of f ,nng pufcenz,ng. and dress.ng 
10 twice, a positive electrode active material UCoo. 9 B 01 0 2 according to th.s .nvenhon was «P«>«™* 

A positive electrode agent was obtained by mixing the produced positive electrode active matenal with graphrte as 
a Ja^aoert Tfluorine resin as a binding agent, and a cross-linked acrylic add resin at a grav.metr.c rate of 80 
^^ivTelectraJe agent was press molded under 2 tons/cm 2 to produce pellets. 16.2 mm ,n d.ameter 
and 0.5™ ™^ each dried under a decreased pressure at 100'C for 10 hours to 

molMeri7a m"ed solvent consisting of ethylene carbonate and diethyl carbonate at a volumetr.c rato of 1 : 

trodi and rZount of the positive electrode agent so adjusted that the molar ratio x,, of ^^^J^ £ 
nSatTe e Sr^e to Si in the negative electrode active material, the molar ratio x, of the amourt of httiium releasaWe 

trode adive material, and the sum x a + ^ might equal the values of Table 2. ...Kiected to the 

The batteries thus manufedured were each left aging at room temperature for one week and then subieded to the 
folloTgSing aS discharging test. In consequence of this aging, the '^-negative pellet 
he negative eledrode on contad with the nonaqueous liquid eledrolyte. formed one tand of local battery and the 
?ut,^lSSo; discharged, succumbed to ocdusion into the SiO of the negative eledrode. and produced 

8 subjeded to charging and d^ging jj*. pertormed und . the condi 

lions 1 mA in constant current. 4.2 V in terminal charging voltage or 50 hours .n duration of charging, and 2.0 V in ter 
Sal disdiam^g^ltage. The condition of occurrence of defective charging (abnormal venation of chargmj , voltege) 

The charging and discharging charaderistics of the batteries, C6 and C7, are shown in Figs. 11 and 12. The charging 

ing to*. V££ Sum *s no! deeding 4.0 in U,SO y of the negative , electrode ^^^SSSSZ 
defedive charging, exhibited high charging and discharging efficiencies, and excelled in charging and d scharging char 
aSS wheSe batteries, C2, C4., C7, C10, and C11 , having x's exceeding 4.0 produced defective charging 
Stol^nterrhort-circuit resulting from the occurrence of dendrite and suffered low charging and d.scharg,ng eff 
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(Table 2) 



Battfiry 


Superposed Li/Si X a 


Positive electrode U/Si 

Xc 


Total amount of Li, x (X a 
+ XJ 


Ratio of occurrence of 
defective charging 


C1 


0 


4.0 


4.0 


0 


C2 


0 


5.9 


5.9 


Large 


C3 


0.5 


3.4 


3.90 


0 


C4 


0.5 


3.75 


4.25 


Small 


C5 


1.5 


2.1 


Q ft 


0 


C6 


1.5 


2.5 


4.0 


0 


C7 


1.5 


3.0 


4.5 


Small-Medium 


C8 


2.0 


1.5 


3.5 


0 


C9 


2.0 


2.0 


4.0 


0 


C10 


2.0 


2.5 


4.5 


Medium 


C11 


2.0 


3.9 


5.9 


Large 



(Example 5) 

This example concerns a case of using the following positive electrode active material and the liquid electrolyte in 
the place of the positive electrode active material and the liquid electrolyte of Example 4. Batteries were manufactured 
by following the procedure of Example 4 while using the positive electrode active material and the liquid electrolyte 
mentioned above instead. 

The positive electrode active material in this example was manufactured as follows. In a mortar, lithium hydroxide 
LiOH • H,0 cobalt carbonate C0CO3. and silicon dioxide SI0 2 weighed out in amounts calculated to set a molar ratio 
of Li • Co • Siat 1 • 0 9 : 0. 1 were thoroughly mixed. The resultant mixture was fired in the open air at 850 o C for 1 2 hours, 
cooled, pulverized to a particle diameter of not more than 44 urn, and subjected to dressing. By repeating the cycle of 
firing, pulverizing, and dressing twice, a composite oxide having an approximate composition of LiCoo.9Sio.1O2.05 was 
obtained as a positive electrode active material of this example. 

The electrolyte to be used was what was obtained by solving LiPF 6 at a ratio of 1 mol/liter in a mixed solvent con- 
sisting of ethylene carbonate and ethyl methyl carbonate at a volumetric ratio of 1 : 1 . 

When the batteries obtained as described above were subjected to a charging and discharging cycle test in the 
same manner as in Example 4 under the conditions. 1 mA in constant current. 4.2 V in terminal charging voltage, and 
2 0 V in terminal discharging voltage, they showed decreases of 15 - 25% in the capacity for charging and discharging 
and a decrease in the ratio of occurrence of defective charging. When the total amounts of lithium x in the U x SiO y of 
the negative electrode exceeded 4.0. however, defective charging occurred owing to the formation of dendrite. 



(Example 6) 

This example concerns a case of using a lithium-containing manganese oxide as a positive electrode active mate- 
rial A battery was manufactured by following the procedure of Example 3 while using the positive electrode and the liq- 
uid electrolyte manufactured as described herein below in the place of the positive electrode and the liquid electrolyte 

° f E Thepoive electrode was manufactured as follows. Elctrolyte manganese dioxide Mn0 2 , lithium hydroxide, and 
lithium nitrate weighed out in amounts calculated to set the molar ratio of Mn : Li at 1 : 0.3 were mixed. The product 
obtained by heat-treating the resultant mixture in the open air at 400°C for six hours was used as an active materia 
(hereinafter referred to briefly as "d1 "). A positive electrode active material was obtained by mixing this active material 
with graphite as a conducting agent, a cross-linked acrylic acid resin as a binding agent, and a fluorine resin at a gravi- 
metric ratio of 87 : 10 : 3. Then, this positive electrode agent was press molded under 2 tons/cm 2 to produce a pellet, 
4.05 mm in diameter and 0.83 mm in thickness. The pellet was dried under a decreased pressure at 1 50°C for 1 0 hours 
to produce a positive electrode. 

The electrolyte to be used was what was obtained by solving LiPF 6 at a ratio of 1 moWrter in a mixed solvent con- 
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sisting of ethylene carbonate and ethyl methyl carbonate at a volumetric ratio of 1 : 1 . 

Further, the negative electrode agent, the amount of superposed lithium, and the positive electrode agent were 
adjusted so as to set the molar ratio Li/Si at 3.1 , wherein Li stands for the amount of lithium superposed on the negative 
electrode and Si for the amount of Si in the negative electrode active material, and the molar ratio Li/Mn at 0 .73 wherein 
Li stands for the total of the maximum amount of lithium contained in the positive electrode in consequence of discharg- 
ing and the amount of lithium preparatorily contained therein and Mn for the amount of manganese in the positve elec- 

tr0d A battery D1 was manufactured as described above. For comparison, a battery D2 was manufactured by following 
the procedure used for the manufacture of the battery D1 while using as a positive electrode active material (d2) the y 
• 6-Mn0 2 obtained by heat-treating elctrdyte manganese dioxide in the open air at 400°C for six hours. 

The batteries thus manufactured were subjected to charging and discharging cycles under the conditions. 0.1 mA 
in constant current. 3.3 V in terminal charging voltage, and 2 V in terminal discharging voltage. The capacities for dis- 
charging found in the second cycle and the 100th cycle are shown in Table 3. 



(Table 3) 



Battery 


Capacity for discharging 
(mAh) 




Second cycle 


100th cycle 


D1 


2.17 


1.61 


D2 


1.27 


0.55 



It is clearly noted from Table 3 that the battery D1 using the lithium-containing manganese oxide as a positive elec- 
trode active material exhibited a large capacity for charging and discharging, incurred only a small decrease in the 
capacity for charging and discharging due to the repetition of charging and discharging, and excelled in charging and 
discharging characteristics as compared with the battery D2 using Mn0 2 not preparatorily containing lithium. 

Industrial Applicability 

As described in detail above, this invention contemplates using as a negative electrode active material for a non- 
aqueous electrolyte secondary battery a lithium-containing silicon oxide represented by a compositional formula U x _ 
SiO* with the lithium content x and the oxygen content y regulated so as to satisfy respectively the expressions, 1 .5 * 
x * 4 and 0 < y < 2 and, consequently, allows production of a secondary battery excelling in charging and discharging 
characteristics exhibited at a large current. The secondary battery obtained by this invention exhibits a high eff ic.ency 
of charging and discharging, precludes the occurrence of such defects as an internal short-circuit due to the occurrence 
of dendrite, and offering an extremely stable and long cycle life. 



Claims 

1 A nonaqueous electrolyte secondary battery composed at least of a negative electrode, a posrtive electrode, and 
a lithium ion-conducting nonaqueous electrolyte, characterized by using as a negative electrode active material a 
lithium-containing silicon oxide represented by a compositional formula Li x SiOy. with the lithium content x and the 
oxygen content y regulated so as to satisfy respectively the expressions. 1 .5 § x * 4 and 0 < y < 2. 

2. A nonaqueous electrolyte secondary battery according to claim 1, wherein said negative electrode uses as an 
active material a lithium-containing silicon oxide Li x SiO y having a lithium content x in the range of 2 s x § 4 and 
said positive electrode uses as an active material a transition metal oxide not containing lithium prior to the assem- 
bly of said battery and destined to contain lithium in consequence of discharging after the manufacture of said bat- 
tery or during the manufacture of said battery. 

3. A nonaqueous electrolyte secondary battery according to claim 1, wherein said negative electrode uses as an 
active material a lithium-containing silicon oxide Li x SiO y having a lithium content x in the range of 1 .5 ^ x ^ 3.9 and 
said positive electrode uses as an active material a transition metal oxide containing lithium. 

4. A nonaqueous electrolyte secondary battery according to claim 1 or claim 3, wherein said positive electrode active 
material is a composite oxide represented by the compositional formula Li a T b UcO d , wherein T stands for at least 
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one transition metal element selected from the group consisting of Co. Ni, Mn ft. V, W.NbandU Lstandstorat 
feast one element selected from the group consisting of B, Si. P, Mg. Zn. and Cu, and a. b. c. and d respectively 
satisfy the expressions, 0 <a s 1.15, 0.8 £ b + c s 1.3 , 0 § c, and 1.7 s d s 2.5. 

5. ArKXiaqueouseletfolytese^ 

material is a manganese dioxide which has been heat-treated at a temperature .n the range of 300 - 450 C. 

A nonaqueous electrolyte secondary battery according to any of claims 1 , 2, and 5. wherein sad secondary battery 
uses manganese dioxde as a positive electrode active material and enables said manganese dioxjde to ocdude 
lithium and form a lithium-containing manganese oxide in consequence at least of d^rg|ng anc 'enables sad 
lithium-containing manganese oxide to release Itthium in consequence of charging ^ the corrtente d f Irthwn in 
the positive elecfrode and the negative electrode are so regulated that the lith,um content x of sad I. th.um-conta.n- 
!ng mTnganesToxide per mol of manganese falls in the range of 0 * x * 1 in either of the states of charging and 
discharging. 

7 A nonaqueous electrolyte secondary battery according to claim 1 or claim 3, wherein said positive electrode active 
material is a lithium-containing manganese oxide represented by the compositional formula UJAnO y (where.n. x 
and y respectively satisfy the expressions, 0 s x s 4 and 1 s y s 3). 

8 A nonaqueous electrolyte secondary battery according to claim 7, wherein the contents of lithium in the positive 
electrode and the negate electrode are so regulated that the lithium content x of said lithium-conta.n.ng manga- 
nese oxde per mol of manganese falls in the range of 0.05 * x s 3 in either of the states of charging and d.scharg- 
ing. 

9. A nonaqueous electrolyte secondary battery accenting to any of claims 1 . 3. 7, and \ wherein 1 ^ d h ^^ e ' & r; 
trode active material is a product obtained by heat-treating Irthium and manganese ,n their simple substances ,«m 
the forms of oxdes, hydroxides, or salts such as carbonates or nitrates or the hke. mixtures thereof, or coprecipi- 
tates thereof at a temperature in the range of 300 - 1 1 00°C. 

10. A nonaqueous electrolyte secondary battery according to claim 9. wherein said positive electrode^ active, materia A 
is a product obtained by heat-treating a mixture or coprecipitate of at least one member selected from the group 
consisting of oxide, hydroxde. and salts of lithium and manganese dioxide or a mixture thereof at a temperature .n 
the range of 300 - 450°C. 

1 1 A nonaqueous electrolyte secondary battery, characterized by using as a negative electrode active material a prod- 
' u* cZed by causing sildon oxde SiO y (wherein y satisfies the expression, 0 < y < q^^ol 
reacted with lithium or a lithium-containing substance to incorporate lithium ions into the J^SO," 
amounts of a molar ratio of Li/Si in the range of 1 .5 - 4.0, inside the battery after assembling the assembly of sad 
battery or inside or outsde sad battery during the course of the production of sad battery. 
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FIG. 11 
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